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A single, pass scanner having a trilinear array, a source 
of white Jight. filters of tht three primary colors and a separate 
source of infrared li^ is used in various methods of removing 
medium^ased<lcfect&from a scanned film image. Hie method 
^ infrared cdm nndvin addition to.tiie co mmon vlsiblft 
^annrfs by covering 4he'parallcl lows of sensws in ihe trilinear 
array respectively with a red, green and blue filter to create the 
three color channels. Normally, each of the three color filters aho 
passes infrared light, which is removed by filters external to the 
sensors. In a specific embodiment, interstitial in time between 
two visible li^t scans, the sensor is exposed to infrared light for 
a single scan. As the trilinear array sweeps across an image in 
time and spatial synchronization vnfli the exposirig lights, at least 
two visible channels and an mfrared channel are generated 



<81) Designated States: AL. AU. BA, BB. BG, BR, CA. CN, CU 
CZ, EE. GE, HU, ID, IL, IS. IP, KP, KR. LC, LK, LR, Lt! 
LV. MG, MK, MN, MX, NO, NZ, PL, RO, SO, SI, SK, 
SU TO, TT, UA. UZ, VN, YU, ARIPO patent (GH, GM, 
KE.'LS, MW, SD, SZ. UG, ZW), Eurasian patent (AH AZ. 
BY. KG, KZ, MD, RU. TJ, TO), European patent (AT, BR 
CH. DE, DK, ES, FI, FR, GB, GR. IE, IT, LU, MC, NL^ 
PT, SE^. OAPI patent (BF, BJ, CF, CG. a, CM. GA, GN. 
ML. MR, NB, SN. TD, TG). 



Published 

Without internatiorud search report and to be republished 
upon receipt of that report. 



112 
114 



110-\ 




CO 



C30 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to idenUfy States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Atbanla 


RS 


AM 


Armcala 


FI 


AT 


Austria 


FR 


AU 


Australia 


GA 


AZ 


Azcibaljin 


GB 


BA 


Bosnia and Herzegovina 


GE 


BB 


Biitnulo9 


GH 


BE 


Belgium 


CN 


BP 


Btnfclna Faso 


GR 


BG 


Bulgaria 


IIU 


BJ 


Benin 


IB 


BR 


Btazll 


IL 


BY 


Belarus 


IS 


CA 


Canada 


rr 


CF 


Central African Republic 


jp 


CG 


Congo 


KE 


ai 


Switterland 


KG 


a 


Cdce d'lvolre 


KP 


CM 


Cameroon 




CN 


China 


KB 


cu 


Cuba 


KZ 


cz 


Ctedi Republic 


LC 


OE 


Ccnnany 


U 


DK 


Oesmaric 


LK 


BB 


Estonia 


LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Geotgia 

Ghana 

fininra 



LS 
LT 
LU 
LV 
MC 
MD 
MG 
-MK- 



Lesotho 


51 


Sbvenia 


Lithuania 


SK 


Slovakia 


Cuzembouig 


SN 


Senega] 


LatvU 


SZ 


Swaziland 


Monaco 


TD 


Chad 


Rqwblic of Kfoldova 


TG 


Togo 


Madagascar 


TJ 


Ta^kistan 


Hie fonner Yugoslav 


TM~ 


TinVmcnUiAn 


RqmbCc of Macedonia 


TR 


Turkey 


Mall 


TT 


Trinidad and Tobago 


Kfoagolia 


UA 


Ukrame 


Mauritania 


UG 


Uganda 


Malawi 


US 


United States of America 


Mexico 


UZ 


Uzbekistan 


Niger 


VN 


Viet Nam 


Netherlands 


YU 


Yugoslavia 




zw 


Zimbabwe 



Greece 

Hungary 

Ireland 

Urael 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic Pbople's 

Republic of Korea 

Rqmbtic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Uberta 



ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ. 

PL 

PT 

RO 

RU 

SD 

SE 

SG 



New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 



wo 98/34397 



PCTAJS98/pi741 



5 



10 



15 



20 



25 



30 



35 



FOUR COLOR TRIUNEAR CCD SCANNING 

RELATED APPLICATION 

This appUcation claims the benefit of U.S. Provisional Application No 
60/036,655, ffled Januaiy 30, 1997. 

HELD OF THE INVENTION 
This invention relates to image enhancement and recovery, and more particularly 
to a method and apparatus for scanning color image data. 

BACKGROUND OF THE INVENTION 
Ever since the first image of an object was captured on film, a serious problem was 
apparent which has continued to plague the field of image capture and reproduction to the 
present day, namely imperfections m the leconling medium itself which distort and 
obscure the original image sought to be captured. These imperfections occur in 
innumerable forms including dust, scratches, fmgeiprmts, smudges and-the hke. Archival 
polypropylene sleeves employed to protect negatives even contribute to the problem by 
leaving hairline surface scratches as the negatives arc pulled out of and replaced into the 
sleeves. 

One method of approaching the problem of defective images is described by the 
present inventor in U.S. Patent No. 5.266.805 issued to Edgar. In that system, unage data 
is stored on a recording medium or substrate containing non-image imperfections such as 
fihn having surfece scratches, wave smudges, bubbles, or the like, which give rise to 
undesuaWe artl^ substrate... 
Meaiis are provided for deriving fiom the medium separate images in the red, green, blue 
and infiared portions of the electromagnetic spectrum corresponding to the image stored, 
nie mfimed image is used as an indicator or map of the spatial position of the non-image 
imperfections on and in the medium so the defects can be reduced or elimmated. In this 
way, the desired underlying image is recovMed. 

The fundamentals of scanner technology for scanning and storing images m digital 
form are well developed and available in commereial products. Scanners receive an optical 
image, and divide it into many pomts. called pixels. The scanner measures light at each of 
these points to give each pixel a numerical value. Software associated with the scanner 
can then manipulate and store the pixel data. A color scanner measures several numerical 
values for each pomt. one for each primary color of red, green and blue. For example, a 
seamier may measure a pink pixel to have 80% red. 40% green, and 40% blue. All 
numbers representing one of the primary colors are grouped by the software into a 
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channel, or single color image. Some scanners measure only one primary color at a time, 
then back up, change either the light source or a color filter to a second color, and measur^ 
only that second color on a second pass of the image. These are caUed multipass 
scanners. An example of a multipass scanner is the RFS 3570 made by Eastman Kodak 
Company. 

Other scanners make a single pass, and coUect all color information in that one 
pass. One type of single pass color scanner uses a liiiear array, or line of sensors. This 
array is moved, or scanned, peipendicularly across the image to scan all points on the 
image line by line. During this scan a light source is rapidly switched between the various 
colors to be sensed. One complete cycle of the colored light sources occurs for each line 
of pixels in the image. Thus a smgle point on the image is seen by a single sensor in the 
array first by one color, tiien by another color, and typically also by a third or fourth 
color, before that sensor moves on to another line of pixels on the image. Software is used 
to store the color-specific numerical information for each pfacel into tiie appropriate 
channel so that at the end of the scan, multiple channels are available (one for each color). 
An example of a single pass scanner is tiie LSIOOO made by Nikon Corporation. 

Another type of single pass scanner illuminates the image being scanned vwth tight 
containing all visible colors, but places tiny color filters over the sensor elements so at any 
point in time tiiere are sensors receiving each different color. One such metiiod positions 
20 three Unear arrays side by side to form a "trilinear array." One of the tiiree arrays is 
placed under a red fUter, one under a green filter, and tiie tiiird under a blue filter. 
Typically tiiese colored filters pass infrared light in addition to tiie color tiiey are intended 
to pass, and for tiiis reason tiie infrared light mustbe removed from tiie optical patii by a 
separate filter elsewhere in ttie scanner, or tiie scanner must use a light source containing 

exampleof aLsca^ 
made by Polaroid Corporation. 

A problem arises when applying media surface defect correction to single pass 
scanners using trilinear arrays. The filters on standard trUinear arrays distinguish red, 
green, and blue tight, but not tiie fourth "color" of infrared light necessary to practice 
surface defect correction. Further, to be compatible with existing color dyes tiiat pass 
infrared hgnt, mtrared tight is often removed from tiie optical path prior to reaching the 
sensor, precluding addition of a fourth tine of sensors sensitive to infrared light 

The tiuee sensor lines of a trilinear array typically are spaced by an integer 
multiple of tiie separation distance between pbcels in tiie image. If the spacmg integer is 
eight, tiien a specific point on tiie image may be sensed in red, and exactiy eight steps later 
it may be sensed in green, and eight steps after tiiat it may be sensed in blue. Thus, the 
same pixel is scamied at tiiree different times. The software tiien realigns tiie color 
channels by moving each a multiple of eight steps so as to group togetiier all of tiie pixels 
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sensed in the same color. The spacing between sensor lines of the array is usually a 
power of two (such as 2, 4. 8. 16, 32, etc.) multiplied by the pixel spacing distance to 
allow the designer the option to choose submultiple resolutions. For example, if the 
spacing were l/250th of an mch, the scanner could operate at 2,000; 1,000; 500; or 250 
dots per inch, while retaining alignment between the colors with the appropriate offeet 

Trilinear array scanners operate at veiy high speed because three lines of an image 
are scanned simultaneously. In addition, they provide very good color registration 
because of the single pass and in spite of generally low cost transport mechanics. Thus, 
there is no need to halt movement of the image at each scan line, and tiiis further increased 
the speed of the scan. However. Uie market needs an image scanner witfi the speed and 
cost advantages of a single pass trilinear array which also includes surfece defect 
correction capabilities. 

Yet another type of single pass scanner uses an area array to cover a two 
dimensional region of the image at once rather than mechanically scanning with a linear 
array to cover the region. One such scanner called a color filter matrix further incorporates 
' tiny color filters over each element in tfie area array. In a specific implementation used in 
a Kodak digital camera, half tiie sensor elements lie under tiny gteen filters incorporated 
on tiie sensor array in a checkerboard pattern. The other half of tiie sensor elements in tiie 
checkerboard are behind alternating red and blue filters. Thus, a quarter of tiie sensors 
respohd to red light, half respond to green light and a quarter respond to blue light. In 
anoflier implementation in a Polaroid digital camera, an entire column of sensors is behind 
tiny red filters, tiie adjacent column of sensors is behind tiny green filters, and tiie next 
column of sensors is behind tiny blue filters. This pattern repeats in additional columns. 
In yet anotiier implementation common m video cameras, tiie colored filters on even rows 
.^^i'®®".""** ™?2ento, and the fUtejs on w^^^ ro}^?:are cyan and yeUpw Because the array 
is not mechanically scanned, each pucel in tiie image is measured witii only one of the three 
colors, as opposed to tiie otiier scanners discussed so far that measure each pucel of tiie 
image wifli tiuee colors. As wifli tiie triUnear array discussed above, aU tfie colored filters 
pass mfi:ared light, and tiiereforc infrared light must be removed by a separate filter 
30 elsewhere in the optical path. 

Au^Qicr imponani consideraUon for image scanners is data compression due to 
tiie ratiier large amount of pixel data which may be detected by image scanners. Scanners 
tiiat only sense a single specific color from each specific pbcel, such as tiiose employing a 
color filter matrix, produce only one-fliird as much raw data as a scanner fliat senses all 
35 tiuree colors from each pbcel, and tiierefore such scanners employ a forni of data 
compression. For a purely black and white image, detail can be resolved at tiie fiill pixel 
resolution of the scanner because for a black and white image, it does not matter whether a 
pixel senses in red. green, or blue light. On tiie otiier hand, problems may occur in the 
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detaUs of a color image where a point of white light aligns with a red sensor and so 
appears red, or with a blue sensor and so appears blue. It is known that this aliasing 
problem can be reduced by controlled blumng of the image so that a point of light will 
always cover several color sensors; however, this anti-alias blurring has the disadvantage 
s of reducing image sharpness. 

Another form of data compression of colored images adds the three primary colors 
to form a black and vMto image, called a Y channel image, that is stored at full resolution. 
Red and blue channel images are then individually differenced with this Y channel image. 
Typically the red channel minus the Y channel is called the U channel and the blue channel 

10 minus the Y channel is called the V channel. The U and V channel images are stored at 
lower resolutions than the Y channel image. In a specific implementation, alternating 
pixels store both Y and U records, and the next pbcel stores both Y and V records, two 
numbers per pixel rather than three numbers needed to store aU three primary colors. 
However, the disadvantage with using so called YUV color space is that 75% of the state 

IS space is wasted; that is, if Y, U. and V numbers were generated randomly within the fijll 
range appropriate to each. 75% of the generated numbers would produce invalid colors, or 
colors outside the range of real world colors. 

Single chip color area sensors, commonly used in almost all consumer electronic 
imaging products, place color filters over each sensor in a smgle two dimensional array of 

20 sensors. Thus each pixel represents a single color, and this may be thought of as a data 
compression scheme in which two of the three primary colors are discarded for each pbcel. 
Several patterns of colors are available in the art, such as the Bayer anay that assigns half 
the pixels to green in a checkerboard; the striped color array such as that used in a 
Polaroid digital camera in which entire columns cycle between red, green, and blue; and a 
.^l. Jpchniqiw^ 

a repeating square. All of these techniques have been previously described above. 

It is, therefore, an object of this invention to proWde an improved method and 
apparatus for scanning images with a variety of sensor arrangements. 

It is yet anotiier object of tiie present invention to scan images so tiiat the image 
30 data may be compressed for easier storage and manipulation. 

" is still anottier object of tiie present invention to provide an improved meUiod 
and apparatus for scanning unages which decreases the time it takes to scan tiie image. 

It is anotiier object of the present invention to provide a metiiod and apparatus for 
recovering a scanned color image. 
35 It is anotiier object of die present invention to provide a metiiod and apparatus for 

scanning images witii infiared light in a single pass using a color filter matrix. 

It is anotiier object of tiie present invention to provide a metiiod and apparatus for 
scanning images witii infiared light in a single pass using an existing color filter matrix. 
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It is another object of this invention to provide a method and apparatus for 
scanning images under visible and infrared light so that surfece defects in the scanned 
images are reduced or eliminated. 

To achieve these and other objects which will become readily apparent upon 
reading the attached disclosure and appended claims, an improved method and apparatus 
for scanning an Image is provided. Additional objects, advantages, and novel features of 
the mvention will be set forth in part in the description which follows, and in part wUl 
become apparent to those skiUed in the art upon examination of the following, or may be 
learned by practice of the invention. The objects and advantages of the invention may be 
realized and attained by means of the mstrumcntalities and combmations particularly 
pointed out in the appended claims. 

SUMMARY OF THE INVENTION 
The present mvention provides an improved method and apparatus for scanning 
an image. A plurality of sensors is arranged in groups. The first group of sensors is 
behmd a filter material selective to botii a first color and infrared light A second group is 
behmd a second filter material which is selective to a second different color and infrared 
light An image at a first scan time is illuminated witii light fimctionally free of infrared 
which is sensed with tiie first group of sensors to generate a first color image, and with the 
second group of sensors to generate a second color image. The image is tiien illuminated 
by a second light source containing infiared at a second scan time and sensed by at least 
one of the first or second group of sensors to generate an infiared image. From tiie first 
color image, tiie second color image, and tiie infiared image, a corrected color image is 
generated which is substantially free of media-based defects. 



BRIEF DESCRIPTION OF-THE DRAWINGS 

FIG. 1 is a perspective view of a prior art trilinear array component as used in a 
typical image scanning application; 

FIG. 2 is a magnified view of part of tiie trilinear anay component shown in 

30 FIG. I; 

"^^Q- 3 is a graphical representation of a trilinear array component; 

HG. 4 is a graphical representation of tiie scanning of a single row of pixels shown 
in FIG. 3; 

FIG. 5 is a graph of visible and infrared light transmissivity; 
FIG. 6 is a graphical representation of a scan of a single row of pixels by a trilinear 
array component witii alternating visible and infrared Ught sources; 

FIG. 7 is a graphical representation of a single row infrared scan at an increased 
resolution; 
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FIG. 8 illustrates an alternative representaUon of the information shown in FIG. 6 
and indicates the color component not present; 

FIG. 9 is a graphical representation of three pixels used in conjunction with a 
method for recovering missing color components; 

FIG. 10 illustrates an alternate embodiment of a Irilinear array; 

FIG. 1 1 is a graphical representation of the color pattern gen^ted by the trilinear 
array of FIG. 10; 

FIG. 12 is a graphical representation of a color pattern produced by a scanner in 
which no pixel lacks green; and 

FIG. 13 is a perspective view of an iUuminating Ught source. 

DETAILED DESCRIPTION 
A suitable apparatus for practicing the present mvention may be constructed by 
modifymg the design of a typical single pass unage seamier utilizmg a trilinear array and a 
gas discharge tube that diffuses white light About ten light emitting diodes ("LEDs") 
may be attached around the gas discharge tube in a pattem that does not directly interfere 
with the light path between the tube and the fihn substrate being illuminated. A suitable 
LED is an aluminum galUum arsenide LED manufactured by Cleairex Technology Inc of 
Piano. Texas. These LEDs may be pulsed in sync with eveiy third scan of the seamier by 
an external computer programmed to monitor the operation of the seamier Overall 
illumination of the substrate may need to be attenuated to avoid saturation The 
attenuation may be accomplished by adding a 64% passing neutial density filter, such as a 
Kodak ND 0.3. to the optical path. After scamiing.tiie image, the processes described 
below are applied to the pixel data gen^ted by the seamier to separate om the infrared 
chamiel, to reconstiiict missing colors, and to apply surface defect coirection. To reduce 
4he^mount-ef-data-to i)eTm)cessedrasim^^ compression scheme may be i^'edfor 
color images that avoids the previously described ineflBciencies of YUV color space while 
Still providing less aliasing tiian the single color per pbcel method common in color area 
array sensors. 

Considering this embodiment of the invention in more detail. FIG. 1 shows a 
typical tiilinear arra y co m po ne.nt 1 00 used in a singl e pa s s sea mier . A luiig leciangular 
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wmdow 102 in the component 100 exposes aluie of sensor elements 104. typically laid in 
parallel witii a CCD shift register (not shown) to receive tiie charges fiom the sensor 
elements 104 and shift those charges to an amplifier (not shown). TTie amplifier is 
typically etched into the same silicon die as component 100. which outputii the amplified 
signal through pin comiectors 106 for forther processing. In this type of seamier 
application, light from a lamp 110. which may be a gas discharge ttibe. illuminates an 
image on a film substiate 1 12. A specific point 1 14 on this image is focused with lens 1 16 
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onto a specific sensor element 118 within line 104 of the trUinear array 100. Typically 
the film substrate 1 12 is moved perpendicularly to the direction of the line 104 (as shown" 
by the arrow) to complete a two dimensional scan of the image. 

FIG. 2 shows a magnified view of the trilinear array component 100 of HG. 1. As 
seen in FIG. 2. the rectangular wmdow 102 contains three separate sensor lines 202, 204, 
and 206, each of which consists of many individual sensing elements 210. The sensor 
lines 202. 204, and 206 may each lie behind colored filters 222, 224 and 226, respectively 
so that any iUuminating light must pass through, and be affected by, these filters. Filter 
222 over sensor line 202 passes both red and inftared light, filter 224 over line 204 passes 
green and inftared light, and filter 226 over line 206 passes blue and infiaied Ught The 
specific order and color of the colored filtere 222. 224 and 226 can be rearranged as 
desu-ed. 

In FIG. 3. the layout of the sensors in the trilinear array 100 of FIG. 2 is 
represented graphically. The sensor One 302 under the blue selecting filter, called the blue 
column, consists of individual pbcel sensors 304. The spacing of these sensors 304 is 
referred to as the sensor row pitch 318. and is usually the same as the pixel column pitch 
320. Similarly, there is a green column 306 and a red column 308. The spacing of these 
columns is known as the sensor column pitch 322. Typically, the sensor column pitch 
322 ,is a power of two (such as 2. 4, 8, 16, 32. etc.) times the sensor row pitch 318 to 
allow easy reduction to scans at resolutions reduced from the highest resolution by 
powers of two. In a typical application, the ratio of sensor column pitch 322 to sensor 
row pitch 318 is 32. although a ratio of 4 is used in FIG. 3 for simplicity. In the 
representative triUnear array of FIG. 3, a single sensor row 310 consists of a single red 
sensor312.asuiglegreensensor314.andasinglcbIuesensor316, each separated by the 
sensor column pitch 322. In actual use. the image being scanned and the trilinear array 
-move rebtive-to each-other-iira-directioir peipeHdid^^ to the sensQ-r lines. Individual 
scans of the image are made at increments of the pixel column pitch 320. thereby 
producing a scamied image with image pfacels spaced accordmg to both the pixel column 
pitch 320 and the pixel row pitch 318. This process creates scanned image information in 
a two-dimensional array of pixels wherein any specific pbcel may be referenced by a 
column and row designation . 

FIG. 4 illustrates the movement of and image data collection from a single sensor 
row 310 (originally shown in FIG. 3) ofa trilinear array. For purposes of illustration, the 
vertical axis in FIG. 4 represents the passage of time during a scan performed by sensor 
35 row 310. At a first scan time 412, the red sensor 414 aligns with pbcel column 0 of the 
image, the green sensor 416 aligns with pbcel column 4. and the blue sensor 418 aligns with 
pixel column 8. At the next scan time 420. each of these sensors 414. 416. and 418 has 
moved to the right a distance equal to the pbcel column pitch 320. As is evident in FIG. 4, 
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pixel column 8 is the first colunm to be sensed by all three colored sensors. In order to 
complete the image scan, at some later point in time the trilinear array must reposition- 
over the image to allow scanning of columns 0 through 7 by the green and blue sensors 
416 and 418. The first few columns which are not scanned by all the sensors before 
repositioning the sensor array define a distance referred to as the preamble 422. After the 
scanning process has repeated a fixed number of times to fdl the preamble 422. each pixel 
column wiU have been sensed by aU three colored sensors. Specifically, note that at pixel 
column 8, the red sensor 414 made a pass at time 8. the green sensor 416 made a pass at 
time 4. and the blue sensor 418 made a pass at time 0. In this way, a triUnear array can 
sense the red, green, and blue components of every pbcel of an image even though the 
individual colored sensor columns do not lie directly on top of each other. 

no. 5 illustrates a characteristic of almost all colored filters to pass infrared light 
to the sensors 414, 416 or 418 of FIG. 4. In particular, the thin colored filters used in 
typical trilinear arrays pass not only the colored light for which they were designed to be 
15 specific, butalso any infrared light present at the time of the scan. The graph in FIG. 5 
shows the transmissivity of light through blue, green and red filters versus the wavelengtli 
of die UghL The blue filter transmits visible light at wavelengths between 400-500 
nanometers as shown by curve 502, and also transmits infrared light having wavelengths 
beyond 750 nanometers as shown at 504. Curve 506 shows that a green filter transmits 
20 visible light at wavelengths between 500-600 nanometers, and also transmits infrared light 
as evidenced at 508: Curve 510 illustrates that a red filter transmits visible light at 
wavelengths between 600-700 nanometers, and also transmits infrared light at 512. To 
generate a scan in color, normally the infrared light must be removed fi-om the illuminating 
Ught source. Alternatively, the Ught source may be fiinctionally free of infrared light 
25 This occurs when the amount of infrared light in the light source is known, such as 10%, 
andso may be mathenffitically removed frWmT^SSdp^^ 

of this disclosure, a light source which is functionally free of infrared light includes 
complete or partial elimination of infrared Ught from the Ught source. If the illuminating 
light source contains only infrared Ught, then all three sensors will transmit it. Thus, the 

30 scanner becomes an infiared scanner in which each pixel is scanned three times, once with 

each sensor line of the triUnear array. 



FIG. 6 illustrates movement and data collection of a single sensor row 310 when 
the illuminating light source is alternately switched during the scan between a light source 
containing red. green, and blue (R, G. B). but no infrared light; and a light containing only 
35 infrared (I) light SpecificaUy, the visible light source is on for scans at times 0 and 1 (602 
and 604. respectively). The illumination source then switches to infrared light for the 
scan at time 2 at 606. and the cycle is repeated. As seen in nG. 6. this results in each 
pixel between the preamble 608 and postamble 610 being sensed in infrared light and in 
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two of the three colors (red. green and blue). In particular, column 8 is sensed in infrared 
Ught and aU colors except red. column 9 in infiared light and aU colors except green, and 
column 10 in infiared light and all colors except blue. This sequence repeats across the 
image. 

The scanning method shown in FIG. 6 uses a single pass scanner with a trilinear 
color sensor and a physically modified Uluminating light source to generate a scan m which 
each pixel has an infiared record. This infiared record can be used to remove the effects of 
surfece defects by dividmg the visible records by the corresponding infiared records. 
More details on this method of surface defect correction may be found in U.S. Patent No. 
5.266.805 issued to the present mventor. Following surface defect correction, a relatively 
defect-free image remains in which each pixel is deficient in one of the three color 
components. However, these missing color components may be approximated from the 
adjacent color components which were delected by the corresponding color sensor. 

The missing color components may potentially lower the quality of the scanned 
image. In practice, however, it has been found that negligible quality is actually lost if the 
missing color is estimated using methods disclosed below. This is because the important 
luminance resolution of a black and white image remains urialtered by discanimg one of the 
three color components. The resolution reduction is confined entirely to the chrominance 
channel; however, as in television and JPEG compression, the color resolution can be 
significantly reduced relative to the luminance resolution. Discarding one of the three 
color components provides true data compression that reduces the data size of an image 
while potentiaUy losing negUgible quality. In the case of a seamier, this type of data 
compression permits the addition of infrared-responsive surface defect correction without 
mandating the scan time penalty of making a fourth scan. With the method of FIG. 6, the 
scanner proceeds at the same speed as in the non-inftared sensing, method shown in FIG. 

In sihiatipns where no data loss can be tolerated, the pixel column pitch can be 
reduced to produce a higher resolution scan. An interesting case results when the pixel 
column pitch is reduced to 2/3 of the pixel row pitch, so the loss of one of the three color 
components at each pixel is compensated with 3/2 the number of pixels. After this higher 

"^^solution scan, the im ag e c a n be sized down so the r esiz ed pixel cul uii ui pitch again 

matches the pixel row pitch. Of course, the increase in resolution does not need to be 3/2. 
but may be any convenient number. FIG. 7 illustrates the case where the resolution is 
doubled. In feet, it cannot normally be increased to 3/2. This may be explained as 
35 follows. If the raUo of the sensor column pitch 702 to the pixel column pitch 704 is "N " 
then in order for individual scans to ahgn. "N" must be an integer. Furthermore, m ord^r 
to distribute the infrared pixel information evenly, "N" must not be a multiple of three. If 
"N" were simply multiplied by 3/2 as a result of increasing resolution, then if "N" were 
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stiU an integer, the product would have three as a factor. In pracdce, when "N" is a 
multiple of three, the resulting scan produces a cycle of two colunms with red, green, and 
blue but no infiared pfacel infotination, followed by a column with infiaied information 
sensed three times. In the case iUustrated in FIG. 6 where "N" is 4, "N" could be 
increased to 5, 7, or even 8 (as iUustrated in FIG. 7) but not to 6 or 9 if this problem is to 
be avoided 

FIG. 8 Ulustrates the topology of FIQ. 6 in an alternative representation. The 
missing red color component in pixel column 8 of FIG. 6 is shown as ("R bar" or "not R") 
at 802. The missing colors in the other rows are analogously shown under a bar, FIG. 9 
portrays a method for decompressing pfacel data to recover missing color information 
when the illuminating light source is switched between visible and infrared light during 
image scanning (as previously described in conjunction with FIG. 6). For purposes of 
illustration, the method is described for recovering green from a pixel missing green 902, 
which Ues between a pfacel missing red 904 and a pixel missing blue 906. Missing pfacel 
color information is indicated in FIG. 9 by tiie first letter of the missing color in 
parentheses. This general method applies to any color combination by substituting tiie 
corresponding names for the missing colors. The simplest metiiod of estimating the 
missing green pfacel value G2 of tiie center pixel 902 is to average the green pixel values of 
the immediately adjacent pfacels 904 and 906. 

An alternative embodiment for recovering tiie missing green pfacel value of center 
pfacel 902 is to use tiie known color pixel values of the surrounding pfacels and tiieir 
corresponding rates of change. Most images are primarily monochromatic, so red. green, 
and blue colors witfiin a small region of tiie image tend to change with similar degree. In 
tiie example shown in HG. 9. die blue values Bl 908 and B2 910 for the left and center 
pixels are known. The difference 32-31 specifies how fast detail in the image is causing 
blue to change-v»*en-movini-frwaie-lefi"pu^d~90"4^ If if ' 

assumed tiiat tiie color green is changing across tiiese same two pfacels at about tiie same 
speed as tiie <»lor blue changes, tiien tiie value of tiie green estimate of G2 912 originally 
obtained by averaging tiie green values of tiie adjacent pixels may be improved by adding 
tiie change in blue to Gl 914. tiie left pfacel. to give a new value of green for tiie center 

P'xel G2B. Similarly , t h e R s tim a te of G2 912 may be improved by using tiie change in red 

between tiie right pfacel R3 916 and tiie center pixel R2 918 to give an estimate of the 
change in green G2R based on tiic change in red. Averaging the two new estimates G2B 
and G2R gives an estimate for G2 912 tiiat is theoretically perfect for a monochix)me 
35 image, and very good for real world images. 

Additional variations on the data compression metiiod described above are 
possible. For example, flie difference in pfacel color values may be calculated in the 
logarithmic domaui which has tiie effect of multiplying Gl 914 by the ratio of 32 910 
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over Bl 908 to produce the estimate G2B. This causes the estimate of gteen for the 
center pixel 902 to track the percentage change of blue when moving fiom the left pixel 
904 to the center pixel 902 rather than using just the absolute difference. This variation 
gives a good prediction for any image that is constantly colored, but may introduce noise 

5 in the missing primary of saturated colors. Yet another mathematical variation on the 
method uses the square root domain. The square root domain provides a compromise 
between the linear and logarithmic cases, and most images are stored in computer memory 
in this mode. The use of the word "subtraction" in the previously described methods is 
generally meant to include all such differencing operations described above. A fiirther 

10 refinement of the method of FIG. 9 acknowledges that the colors, on average, do not aU 
change exactly the same. This is done by multiplying the change in blue B2-B 1 and in red 
R2.R3 by a factor close to, but less than unity, for example 0.9. The value for the factor 
can be calculated based on the correlation between the colors in an adjacent region around 
the missing color element 

Often in a data compression method, it is not desirable to treat all pixel data in a 
given column of an image exactly alike. FIG. 10 shows an alternate topology of a trilinear 
array in which pixels of the even sensor rows, such as row 2 at 1002. are offset by one 
pixel spacing from.the odd sensor rows, such as row 3 at 1004. This array produces the 
missing color pattern iUustrated in FIG. 11. Recovery of the missing colors could proceed 
usmg any of the methods described in conjunction with FIG. 9. Furthermore, recovery 
could also use the differences from pixels above and below, rather tiian just to the left and 
right of each pixel, because the pbcels above and below are missing a color different fiom 
the one being calculated. For example, to estimate the missing green information of pixel 
1 102, one can add the change in blue from pixel 1 104 to 1 1 02 to the green of pLxcI 1 104 to 
give a top green estimate; add the change in blue from pixel 1106 to pixel 1102 to the green 
-of pixeHl06 to provldeabottom green estiifiite, iiid a^^^^^idthWel^ft^righr 
estimates as previously described to give an improved estimate of the missmg green data 
ofpDcelll02. 

Other trilinear array topologies are possible. For example, in the sensor of FIG. 
10, row 0 and 1 can remain as shown, but row 2 may be offset two pixel columns to the 
n g ht of row 0 . Thi s p a tt e rn may be repeated so row 3 is agahi aligned with row 0, row 4 
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IS offset one pixel to tiie right, and row 5 is offset two pixels to the right This produces a 
sensor pattern in which tiie missing color of tlie pixel directly above a given pixel is 
different tiian tiie missing color of the pbcel directly below tiiat given pbcel. Still otiicr 
sensor offsets are possible witii tiie intent of more randomly dispersing the missing colors 
tiuoughout tiie image. Such an offset helps reduce or prevent a sequence of vertical lines 
in tiie scanned image which would be likely to create a moire effect. 
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FIG. 12 portrays a pattern of missing pixels in which no pixel lacks green, but in 
which red and blue are each missing throughout the scanned image in a complementary 
checkerboard pattern. All color differences are calculated relative to green m estimating 
the red and blue missing colors. Such a green priority pattern provides the data 
compression described herein with less image quality loss. 

In general, the reconstruction of missing colors can be performed on the image as it 
is scamied. Then, after reconstruction of each color, including the reconstructed color is 
divided by the associated infrared information to perform surfece defect correctioa 
Alternately, each color can be divided by the associated infrared data to perform surfece 
defect correction as soon as it is scanned, and then after surfece defect coirection the 
reconstruction of missing colors performed on the defect corrected scanned colors. 

As previously described, there is a need for iUuminating light sources which are 
switched between infrared and visible in order to practice this invention. Typical 
switchable visible light sources include a pure gas discharge tube, such as xenon, or light 
15 emitting diodes. In a more typical scenario tiie illuminating light contains a visible source 
tiiat camiot be rapidly switched. Visible light souix:es such as incandescent lights glow 
with heat for several milliseconds after the power is removed. Visible light sources such 
as mercury vapor discharge tubes glow for several milliseconds after the power is removed 
because of tiie phosphor used to convert the.ultraviolet light of mercury into visible light 
20 Thus, even though tiie. ultraviolet and mercury frequency band components turn off 
rapidly, tiie phosphor continues to glow witii visible light for some time. 

FIG. 13 iUustrates an illuminating Ught source 1300 consisting of a mercury 
discharge tube 1302 surrounded by infrared light emitting diodes 1304. The tube power 
source/controller 1306 operates the discharge tube 1302 while the LED power 
source/controller 1308 manages tiie operation of tiie LEDs. By surroimding tiie tube 1302 
-witii tiie diode light sources-I304rtiic-imniqrwmtrph^^ 

tiie infrared Ught emitted by the diodes 1304 so tiie infrared and visible light appear to 
radiate from tiie same directions. This uniformity in source light emission is important to 
accurate surface defect correction. The illuminator can be driven by leaving tiie visible 
light source 1302 on for all scans and switching tiie infrared source 1304 on for every ttiird 

scan, as has been prev i ously de s c ri bed herein. When this i s done, tiic uifiaied lecord will 

also contain visible light data corresponding to tiie "missing" color because tiiat is the 
color of tiie filter over tiie sensor making flie infiBred scan. The overall illumination must 

be adjusted so tiie visible light plus tiie infrared light will not saturate tiie sensor To 
35 reduce tiie amount of visible light contamination, tiie sensitivity of tiie array may be 
decreased. This can be accomplished by shortening tiie integration time and/or by 
increasing the infrared illumination. 
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When using the iUuminator 1300 disclosed in FIG. 13 with the visible light source 
1302 constantiy on. the following steps will ensure proper scanning and surface defect 
correctioa First, the "missmg" color for each pixel is calculated from the adjacent pixels 
as before. The estimated value for that color is then subtracted from the sensed value 
which includes measurements of the "missing" color in addition to the infrared 
information. After the subtraction, this yields recovered infrared-only information for the 
pixel. The final step in the process is to divide the three colors for each pixel, including 
the two measured colors and one estimated color, by the recovered infrared information to 
perform surface defect correction. 

In an alternate embodiment, the gas discharge lamp 1302 can be switched off 
during the infi^ared scan. This would attenuate, but not eliminate, the contamination of the 
infrared measurement by visible light The mercuiy bands and different phosphor 
components each have different persistence, so each of the three color components red. 
green, and blue, decays to a different degree. Typically blue light wUI decay fastest, and 
hence exhibit the least contamination. whUe red light decays the slowest. When using 
such a switched illuminator, the estimated value for the "missing" color is calculated as 
previously explained; however, before being subtracted from the infrared record, it is first 
multiplied by a constant known by measurement to represent the amount of that color 
remaining after the visible light source is. extinguished. Typical values for the constant 
would be 0.2 for blue. 0.5 for green, and 0.6 for red. By switching the visible light source 
off during the infrared scan, there is less contamination, and therefore less to be 
subtracted. This also helps to reduce noise and saturation problems. 

Although the present embodiment has been described with a fluorescent visible 
source and an LED infrared source, there are many choices for visible and infrared sources. 
An alternate embodiment contemplates an unswitched incandescent lamp behind a 
.-roteting-filteravheel-that-^emoves^nfrared-with-a-fiher-for-two-s^^ pas-ses" only ' 
infrared with a second fdter for the third scan. In this embodiment, the filter wheel must 
be synchronized with the sensor. In another version, a visible fluorescent source can be 
supplemented with an incandescent source behind a filter passing only infrared Ught. and 
fiirther behind a rotating wheel or shutter that passes the infrared light only for the 
infrared scan. There are many combmations of visible .snurr^s. infrared sources, filter 
wheels and shutters, and these are meant only to illustrate some of the many ways to 
provide the required light source in which infrared light is switched on alternating with, or 
in addition to. visible light 

The present invention has been described with a trilinear CCD array having a 
pulsed infrared source to generate the infrared image. However, high speed scanners such 
as the Tamron Fotvix utilize an area array to avoid the time required for mechanical 
movemem of a linear array. These area array scanners typically employ a matrix of tiny 
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color filters over each element of the area array to sense the color image. Typically, all of 
the filters pass infiared UghL Because the image presented to the sensor array "of the " 
present embodiment must be fi:ee of infrared light, the infrared component is removed by 
a filter in the light path. To use a single chip area array, two scans are performed: a 
5 conventional visible scan containing no infrared light, and a second infrared scan containing 
infrared light Because all colored filters typically pass infrared light, the second scamied 
image has an infrared value for each pixel of the image. By dividing the visible values 
sensedfor each pixel by the infrared values sensed for each pixel, surface defect correction 
may be practiced. The surface defect corrected image under the color matrix is then 
10 processed conventionally to recover flie frill color image. 

In another embodiment using an area array, the visible light source is extinguished 
for the infrared scan, and the infrared light source is extinguished for the visible scan. This 
may be done with two light sources which are alternately excited. The infrared source can 
be a group of infrared LEDs. and the visible source can be a xenon discharge lamp although 
15 many other sources known in the art can be substituted to produce visible and infrared 
light. Alternatively, the light sources could be placed behind shutters to obviate switching 
each source itself. In still another alternate embodiment, a single source containing both 
visible and infi:ared light such as an incandescent lamp could be placed behind a filter 
wheel to alternately pass only visible light and only infrared Ught In such an 
20 embodiment, the visible value sensed for each pixel is then divided by the infrared value 
sensed for that pixel. Finally, the resulting color matrix is decoded into fiiU color. 

In an alternate version of the present invention using an area array , the visible light 
is not extinguished during the bfirared scan so the infiared scan also contains some visible 
light. The visible light contained in the value sensed for each pfacel during the infrared scan 
is canceled by subtractmg the visible value sensed for that pixel in the visible scan to leave 
-a-value-representinBTafe-infrafear-ByTi«g-tEe"v^^ 
value, surface defect correction may be implemented. 

While this invention has been described with an emphasis upon certain preferred 
embodiments, variations m the preferred composition and method may be used and the 
embodiments may be practiced otherwise than as specifically described herein. 
Accordingly , the invention as defmed by the following claims includes aU modifications 
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CLAIMS 

1. A method for scanning an image on a substrate containing defects which uses a 
plurality of sensors arranged in groups, wherein a first group is behind a first filter 
5 material selective to a first color of light and infirared Ught, and a second group is behind a 
second filler material selective to a second different color of light and infrared light, said 
method comprising: 

illuminating the image at a first scan time with a first Ught source fimctionally fiee 
of infrared ligh^ 

10 sensmg light of the first color with the first group of sensors to generate a first 

color image, and light of the second color with the second group of sensors to generate a 
second color image; 

illuminating the image at a second scan time with a second light source containing 
infitu^d light; 

15 sensing infrared light with at least one of the first or second group of sensors to 

generate an infrared image; and 

generating from the first color image, second color image, and infrared image, a 
corrected color image substantially free of the defects. 

20 2. The method of claim 1 wherein the first group, and second group of sensors are 
arranged in first and second parallel ro\ys separated by an offset. 

3. The method of claun 2 wherein the first scan time is one of a first sequence of scan 
times with light fimctionally free of infrared light and the second scan time is one of a 
second sequence of scan times in which the image is illuminated with a light source 
containing inffiared light. 

4. The method of claiin I wherein the first group of sensors is arranged in a two 
dimensional grid. 

30 

^ The method of claim 1 wh e rem t he firs t color is red, the second color is green, and 

fiirther comprising a third group of sensors behind a third filter material selective to blue 
light and infiared light 

35 6. The method of claim 3 wherein the first sequence of scan times includes a first 
series of individual scan times spaced between a second series of mdividual scan times of 
the second sequence. 
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7. The method of claim 6 wherem the first and second series of individual scan times 
each comprises two individual scan times. 

8. The method of claim 6 wherein the first and second series of individual scan times 
each comprises three individual scan times. 

9. The method of claim 8 further comprising moving the paraUel rows of sensors by 
an mcremental amount in a direction perpendicular to the paraUel rows between the 
individual scan times of the first sequence, 

10. The method of claim 6 further comprising moving the parallel rows of sensors by 
an mcremental amount in a direction perpendicular to the pamllel rows between the 
individual scan times of the first and second sequences. 

1 1. The method of claim 10 further comprising conducting individual scans of the 
second sequence based on the incremental amount so as to spatially overiay an individual 
scan of the first sequence. 

12. The method of claim 11 wherein an individual scan of the second sequence 
overlays two individual scans of the first sequence. 

13. The method of claim 12 further comprising 

conducting a first group of individual scans selective to infrared, green, and blue 
light at a first pixel row site; 

conducting a second group of individual scans selective to infrared, red, and blue 
^i^taha^nd^pixel rowsiteadjawntftoWfii^pi-x^^^ 

conducting a third group of individual scans selective to infkred, red. and green 
light at a third pixel row site adjacent to the second pixel row site. 

14. The method of claim 13 wherein a value for green is calculated for a pixel at the 
second pixel row site. 

1 5. The method of claim 13 wherein a value for red is calculated for a pixel at the first 
pixel row site, a value for green is calculated for a pixel at the second pixel row site, and a 
value for .blue is calculated for a pixel at the third pixel row site 
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16. The method of claim 14 wherein the calculation for a value of green in the second 
pixel row site includes the step of averaging the value for green in adjacent pixels in the 
first and third pixel row sites. 

5 17. The method of claim 16 wherein the calculation further comprises calculating the 
change of red value in adjacent pixels between the first and second pixel row sites. 

18. The method of claim 16 wherein the calculation further comprises calculating the 
change of red value m adjacent pixels between the first and second pixel row sites, and the 

10 change in blue value m adjacent pixels between the third and second pixel row sitw. 

19. The method of claim 1 wherein the second light source comprises visible light. 

20. The method of claim 19 wherein the first light source is a first lamp emitting 
15 visible light, and the second light source emits a mbcuire of light from the first lamp and 

light from a switchable infrared lamp. 

21 . Tlie method of claim 20 wherein the switchable infrared lamp is a light emitting 
diode. 

20 

. 22. The method of claim 20 wherein the light from the switchable infixed lamp is 
calculated as a difference between the second light source and the first light source. 

23. Tlie metliod of claim 1 wherein the second light source substantially excludes light 
25 in the visible range. 

24. The method of claim 23 wherein the first light source is a first switchable lamp, 
and the second light source is a second switchable lamp. 

30 25. The method of claim 1 wherein the second light source emits light from a light 
emittmg diode. 

26. A method for compressing data representing a color image consisting of pixels 
wherem each of a set of pixels has a color specified by three primary color components! 
35 the method comprising: 

voiding a first one of the primary color components of a first plurality of first 
color pixels; and 
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voiding a second one of the primary color components of a second pluraUty of 
second color pixels. 



27. The method of claim 26 wherein the plurality of first color pixels is arranged 



line. 



m a 



28. The method of claim 26 wherein the plurality of first color pixels is arranged in a 
checkeri)oard. 



29. A method of decompressing a color image comprising: 

receiving a color image consisting of pixels, wherein each of a set of pixek has a 
color specified by three primary color components; 

voiding a first one of the primary color components for a first plurality of first 
color pixels; and 

calculating the voided color components for the first color pixels. 

30. The method of claim 29 wherein a value for one of the primary color components 
IS calculated for a pixel at a second pixel row site. 

31. The method of claim 29 wherein the calculation for a value of one of the primary 
color components in the second pixel row site includes tlie step of averaging the value for 
that primary color component in adjacent pixels in the first and third pixel row sites. 

32. The method of claim 30 wherein the calculation further comprises calculating the 
change of red value in adjacent pixels between the first and second pixel row sites. 

33. An apparatus for scanning an image on a substrate containing defects comprising: 

a plurality of sensors arranged in groups, wherein a first group is behind a first 
filter material selective to a first color of Ught and infrared Ught, and a second group is 
behind a second filter material selective to a second- different color of Ught and infrared 
light; 

means for illuminating the image at a first scan time with a first light source 
fionctionally free of infrared Ught; 

meansforsensinglightofthefirstcolorwiththefirstgroupof sensors to generate 
a first color image, and Ught of the second color with the second group of sensors to 
generate a second color image; 

means for illuminating the image at a second scan time with a second light source 
containing mfrared light; 
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means for sensing infrared Ught with at least one of the first or second group of 
sensors to generate an infrared image; and 

means for generating from the first color image, second color image, and infrared 
image, a corrected color image substantially free of the defects. 

34. The apparatus of claim 33 wherein the finrt group and second group of sensors are 
arranged in first and second parallel rows separated by an offset. 

35. The apparatus of claim 34 wherein the first scan tune is one of a first sequence of 
scan times with light functionally fi:ee of infrared light, and the second scan time is one of 
a second sequence of scan times in which the image is Uluminated with a light source 
containing infi^ued light 

36. The apparatus of claim 33 wherein the first color is red. the second color is green. 
15 and fiirther comprising a third group of sensors behind a third filter material selective to 

blue light and infrared light 

37. The apparatus of claim 35 wherein the first sequence of scan times includes a first 
series of individual scan times spaced between a second series of individual scan times of 

20 the second sequence. 

38. The apparatus of claim 37 wherein the first and second series of individual scan 
times each comprises two individual scan times. 

apparatus of claim 37 wherein th e first and second series of individual scan 
tiines each comprises three' individual scantimesr ~ 

40. The apparatus of claim 33 wherein the parallel rows of sensors are moved by an 
incremental amount in a direction perpendicular to the parallel rows between the 

30 individual scan times of the first sequence. 

41 . The apparatus of claim 33 wherein the parallel rows of sensors are moved by an. 
incremental amount in a direction peipendicular to the parallel rows between the 
individual scan times of the first and second sequences. 

42. The apparatus of claim 4 1 wherein the incremental amount enables, in conjunction 
vwth the offset between parallel rows of sensors, mdividual scans of the second sequence 
to spatially overlay individual scans of the first sequence. 
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43. The apparatus of claim 42 wherein the incremental amoimt enables an individual - 
scan of the second sequence to overlay two individual scans of the first sequence. 

5 44. The apparatus of claim 43 v^erein sites of overlay are pixel row sites, and 
\^4iercm a first pixel row site includes individual scans selective to infixed, green, and blue 
light; a second pbcel row site adjacent to the first pixel row site mcludes individual scans 
selective to infixed, red, and blue light; and a third pixel row site adjacent to the second 
pixel row site includes individual scans selective to inftared, red, and green light 

10 

45. The apparatus of claim 44 fiirther comprising means for calculating a value for 
green for a pixel at the second pixel row site. 

46. The apparatus of claim 44 further comprising means for calculating a value for red 
15 for a pixel at the first pixel row site, a value for green for a pixel at the second pixel row 

site, and a value for blue for a pixel at the third pixel row site. 

47. The apparatus of claim 45 wherein the means for calculating a value of green in the 
second pixel row site further comprises means for averaging the value for green in adjacent 

20 pixels in the first and third pixel row sites. 

48. The apparatus of claim 47 wherein the means for calculating further comprises 
means for calculating the change of red value in adjacent pixels between the first and 
second pixel row sites. 

25 

"49: TKeapparaUis^orTlaim ^ meSs W'cd^ 

means for calculating the change of red value in adjacent pixels between the first and 
second pbcel row sites, and the change in blue value in adjacent pixels between the third 
and second pbcel row sites. 

30 

^ The apparatus of claim 33 wherein th e^ co nd l ight source-e mits visible light. 

51. The apparatus of claim 50 wherein the first light source is a first lamp emittmg 
visible light, and the second light source emits a mixture of light from the first lamp and 

35 light from a switchable infirared lamp. 

52. The apparatus of claim 5 1 wherein the switchable infrared lamp is a light emitting 
diode. 
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53. The apparatus of claim 55 wherein the Ught fiom the svvitchable infiared lamp is" 
calculated as a difference between the second light source and the first light source. 

5 54. The apparatus of claim 33 wherein the second light source substantially excludes 
light in the visible range. 

55. The apparatus of claim 54 wherein the first light source is a first switchable lamp, 
and the second light source is a second switchable lamp. 

10 

56. The apparatus of claim 33 wherein the second light source emits light from a light 
emitting diode. 

57. An apparatus for compressing data representing a color image consisting of pixeU, 
15 wherein each of a set of pixels has a color specified by three primary color components! 

comprising: 

means for voiding a first one of the primaiy color components of a first group of 
first color pixels; and 

means for voiding a second one of the primary color components of a second 
20 group of second color pixels. 

58. The apparatus of claim 57 wherein the group of first color pixels is arranged in a 
Ime. 

25 59. The apparanis of claim 57 wherein the group of first color pixels is arranged in a 
-checkerboard: - — - - - . 

60. An apparatus for decompressmg a color image comprising: 

means for receiving a color image consisting of pixels, wherein each of a set of 
30 pixels has a color specified by three primary color components; 

tneans for voiding a first one of the primary colo r c o mponen t s f o i a first plurality 

of first color pfacels; and 

means for calculating the voided color components for the first color pixels. 

35 61. The apparatus of claim 60 fiirther comprising means for calculating a value for one 
of the primary color components for a pixel at a second pixel row site. 
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62. The apparatus of claim 60 fiirther comprising means for calculating a value for one 
of the pnmaty color components in the second row site by averaging the value for that 
primary color component in adjacent pixels in the first and third pixel row sites 
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